Background Acute myocardial infarction (AMI) is one of the most important perioperative complications of total knee arthroplasty (TKA). Although risk-stratification tools exist for the prediction of cardiac complications including AMI after noncardiac surgery, such stratification does not differentiate the patients with a coronary stent alone, AMI
without a stent, or AMI with a stent. The risk of postoperative AMI in these patient groups may vary. Several studies have recommended suitable times for noncardiac surgery in patients with a coronary stent; however, they do not differentiate between the patients with AMI and no AMI. The suitable time of noncardiac surgery for patients with AMI and stent may vary from those with a stent alone. Moreover, a study to evaluate the risk of AMI within 1 year in an Asian population with a history of AMI or coronary stent who underwent TKA has not been reported. Questions/purposes (1) What are the risks of AMI within 1 year of TKA in patients who have had a stent alone, AMI without a stent, or AMI with a stent as compared with patients without an AMI/stent? (2) For patients with AMI/ stent placement, when can TKA be performed where the risk of subsequent AMI normalizes? (3) What comorbidities are associated with post-TKA AMI? (4) Is the risk of AMI within 1 year after surgery in patients undergoing TKA without a history of AMI/stent higher than that in patients with no surgery? Methods This study is a retrospective study of the medical claim records of 128,216 patients who underwent TKA between 1997 and 2010 in Taiwan. The records were retrieved from the research database of the Bureau of National Health Insurance in Taiwan, which maintains the records of 99.68% of the Taiwan population. The patients who had a history of AMI or coronary stent placement within the year before TKA were compared with the patients who had not experienced AMI or stent placement before TKA. The control subjects were matched according to sex, age, Charlson score, and year of surgery. There were 2413 patients in each group. The patients with a history of AMI or stent placement and the timing of TKA after coronary event were further stratified as with a coronary stent alone, AMI without a stent, and AMI with a stent. The effects of the comorbidities of renal failure, diabetes, liver failure, and hypertension were also analyzed individually. The risk of AMI within 1 year after TKA was investigated using bivariate analysis and the Cox proportional hazard model. To compare the risk of AMI within 1 year of surgery in the patients with a history of TKA and no AMI/stent with the population without a history of surgery, a similar bivariate analysis and the Cox proportional hazard model were applied to their matched case and control groups, each containing 110,980 patients. Results In the adjusted model, using no AMI/stent before TKA as a reference, patients having undergone AMI + stent had the highest risk (hazard ratio [HR], 5.23; 95% confidence interval [CI], 1.81-15.14; p = 0.002), AMI alone without a stent had less risk (HR, 4.88; 95% CI, 1.49-16.01; p = 0.009), and stent alone with AMI had the lowest risk (HR, 3.16; 95% CI, 1.29-7.71; p = 0.012). In all patients, risk of AMI after TKA was not different than reference values after 1 year of initial AMI or stent (stent: HR, 1.67; 95% CI, 0.71-3.94; p = 0.239; AMI: HR, 1.88; 95% CI, 0.42-8.49; p = 0.412; AMI + stent: HR, 1.91; 95% CI, 0.53-6.89; p = 0.321). The risk of post-TKA AMI was elevated within 1 year of the previous episode of AMI/ stent (0-180 days: HR, 8.42; 95% CI, 3.03-23.41; p \ 0.001; 181-365 days: HR, 7.52; 95% CI, 2.47-22.88; p \ 0.001). Only chronic renal failure under hemodialysis was associated with increased risk of AMI within 1 year of TKA (adjusted HR, 4.34; 95% CI, 1.22-15.43; p = 0.023). Patients undergoing TKA with no history of AMI/stent had a lower risk of AMI within 1 year of TKA compared with the patients with no history of surgery (adjusted HR, 0.92; 95% CI, 0.86-0.99; p = 0.016). Conclusions This study found the risk of post-TKA AMI remains high within 1 year in patients with a history of AMI/stent. It is recommended that an elective TKA should be performed at least 1 year after an episode of AMI or stent placement. Stents do not provide protection against post-TKA AMI within 6 months of the AMI and patients with AMI + stent have a higher risk of AMI than those with only AMI. Patients of AMI/stent on hemodialysis have a very high risk of post-TKA AMI. However, the risk of AMI is lower in post-TKA patients compared with those with no TKA. Level of Evidence Level III, prognostic study.
Introduction
Acute myocardial infarction (AMI) after TKA is a potentially devastating complication, resulting in death in 12% to 25% of patients who experience it [1, 4, 22] . Patients undergoing TKA who have had a previous AMI are at increased risk of having an AMI after the knee procedure [12] . Some studies have reported 0.4% to 1.8% of patients experience myocardial infarction after TKA [8, 15] . A retrospective study from a health institute in Canada cautioned readers against hospital discharge of patients within 3 days of the TKA [6] . Furthermore, a study on a northern Illinois population of primary TKA reported cardiac complications as one of the major concerns among all the complications [5] . Moreover, cardiovascular disease was reported as a major risk factor for death and myocardial infarction in a study to determine preoperative anemia as an independent risk factor for 30-day mortality and myocardial infarction after TKA [16] .
The majority of such studies have evaluated the incidence of AMI after TKA focusing on the short-term period after the surgery (up to 90 days). Only one study on a Danish population has reported the risk of AMI within 1 year after total joint arthroplasty. This study also investigated the time interval between TKA and postsurgical AMI in patients with a history of AMI or coronary stent placement. The study reported that the AMI risk after TKA is increased during the first 2 weeks of surgery and does not differ from the risk resulting from other noncardiac surgery after the first 2 weeks. To our knowledge, no such study has been reported in an Asian population. Risk-stratification tools, from the American College of Cardiology (ACA)/American Heart Association (AHA), exist for the prediction of cardiac complications including AMI after noncardiac surgery [6] , which can be applied to individual patients in a prospective way to estimate their cardiac risk. However, such stratification does not differentiate the patients with a coronary stent alone, AMI without a stent, or AMI with a stent. The knowledge of the risk specific to patients with a history of AMI and/or stent placement would further guide surgeons in deciding when to perform an elective TKA in those patients. Although the guidelines suggest a risk for AMI after noncardiac surgery, they do not indicate if the stent in patients with AMI reduces the risk of post-TKA AMI to an extent that would allow a TKA to be performed within 1 year. The goal of this study was to evaluate the risk of AMI within 1 year in patients who underwent TKA and to find a suitable time for TKA in patients who have experienced a previous episode of AMI or coronary stenting. The study differs from other previous studies in the following ways: (1) it emphasizes the interval between the previous episode of AMI or stent placement and the TKA; and (2) it includes comorbidities such as hypertension, liver failure, and renal failure, which were not considered in other previous studies.
We therefore asked: (1) What are the risks of AMI within 1 year of TKA in patients who have had a stent alone, AMI without a stent, or AMI with a stent as compared with patients without AMI/stent? (2) For patients with AMI/stent placement, when can TKA be performed where the risk of subsequent AMI normalizes? (3) What comorbidities are associated with post-TKA AMI? (4) Is the risk of AMI within 1 year after surgery in patients undergoing TKA without a history or AMI/stent higher than that in patients with no surgery?
Patients and Methods
This study is a retrospective case-control study of the medical claim records of patients who underwent TKA between 1997 and 2010 in Taiwan. The data were retrieved from the research database of the Bureau of National Health Insurance (BNHI) in Taiwan. BNHI is a government-owned agency responsible for providing healthcare services, reviewing medical fees, and the suitability of such services provided to the Taiwan population. The BNHI database maintains a nationwide database covering 99.68% of the Taiwan population [17] . The database has been reported to have up to 94% accuracy [2, 3] . Moreover, several hundred publications have been based on the data. However, medical records of individual patients in the database lack information such as laboratory investigation reports and the particular limb that underwent surgery. The study on the BNHI data was approved by the research ethics committee in China Medical University and Hospital, Taiwan.
BNHI procedural/diagnostic codes were used to retrieve data of TKA, stent, and AMI patients. The codes correspond to the International Classification of Diseases, 9th Revision procedure codes (ICD-9) for TKA (8.54), stent (36.01, 36.02, 36.05), and AMI (410.00, 410.92). The patients who underwent TKA between 1997 and 2010 were included in the study. The study included only primary TKA performed in Taiwan. It did not include revision TKA or tumor prosthesis reconstruction for bone tumors.
Comparison Between Patients With AMI/Stent and Without AMI/Stent
Propensity score matching was adopted to mitigate the differences between the patients who had a history of AMI or coronary stent placement before TKA and the patients who had not experienced AMI or stent placement before TKA ( Table 1 ). The 4826 patients were equally allocated to the two groups (2413 in each group) based on their sex, age, Charlson Comorbidity Index, and the year of surgery. After matching, the two groups showed no difference (p = 1.00).
A total of 128,216 patients who had undergone TKA were included in the study. After the propensity score matching, 4826 patients (2413 with a history of AMI or coronary stent placement and 2413 with no such history) were studied further to investigate the importance of various variables in the occurrence of AMI after TKA. The patients with a history of AMI or coronary stent placement had a similar distribution of age (mean age, 73 years) and sex (55%:45%, female:male) compared with those of the matched control subjects. A bivariate analysis for the percentage of post-TKA AMI with respect to various independent variables and calculation of the Cox proportional hazards ratio to investigate the related risks of a post-TKA AMI were carried out.
In addition to dividing patients into groups based on history of AMI or coronary stent placement before TKA (stent, AMI, AMI + stent, and no AMI/stent), the study used the period between an AMI episode or stent placement before TKA to divide the patients into different groups (0-180 days, 181-365 days,[365 days, no AMI/stent). Demographic data for the patients were sex and age. The health status variables comprised the existence of major diseases and comorbidities (such as end-stage renal disease under hemodialysis, hepatitis B and C, cirrhosis, diabetes, and hypertension). Patients were considered as having a comorbidity if they visited a clinic three times or were hospitalized once or more for any comorbidity in the 3 years before undergoing TKA.
Statistical Analysis
SAS statistical software (Version 9.3 for Windows; SAS Institute, Inc, Cary, NC, USA) was used for the data processing and statistical analysis. A descriptive statistical analysis of the variables such as TKA patients' personal characteristics and health status with chi-square test and ttest were used to compare the differences in the variables between post-TKA patients who experienced an AMI within 1 year and those who did not.
A Cox proportional hazards model was used to study the related risks of AMI in patients undergoing TKA within 1 year after surgery controlling for relevant variables. Patients who experienced an AMI within 1 year after TKA were defined as ''post-TKA AMI,'' whereas those who did not experience an AMI within 1 year after TKA were defined as ''censored''. Independent variables were AMI episode or coronary stent placement before the TKA, period between AMI episode or stent placement and TKA, patients' demographic characteristics (ie, sex and age), health status (ie, major diseases and comorbidities), and the calendar year in which the TKA was performed. The dependent variable was AMI episode within 1 year after TKA. A stratified bivariate analysis for the time interval between TKA and the previous event of AMI/stent placement was also evaluated. All the variables in the bivariate analysis were also used in the Cox analysis. The Cox analysis was done with three models: one unadjusted model and two (A and B) adjusted models. In the unadjusted model, each variable was examined individually for its relationship with the dependent variable (post-TKA AMI) without other variables being included in the model. Models A and B were the adjusted models, which included all relevant variables in the model to be analyzed at the same time and investigated the independent effect of each variable on the post-TKA AMI when all other relevant variables in the model are controlled. The difference between Model A and Model B was the key independent variable. In Model A, the key independent variable was whether the patients undergoing TKA had a previous episode of AMI or went through coronary stent placement, and in Model B, it was the time interval between the AMI or stent placement and the TKA. A stratified hazard ratio analysis for the time interval between TKA and previous AMI/stent placement was also evaluated.
Comparison Between Patients Undergoing TKA and Non-TKA Patients
A propensity score matching was also performed to mitigate the difference between the patients who had TKA with no history of AMI/stent and the patients who had no history of surgery (Table 2 ). This comprised of 221,960 patients (110,980 patients with TKA and 110,980 patients with no surgery). The risk of AMI within 1 year after TKA in the patients with no history of AMI/stent was compared with that in patients with no history of surgery using a calculation of the Cox proportional hazards ratio.
Results
All groups with AMI/stent had elevated risk of post-TKA AMI compared with that of the reference with no AMI/ stent within 1 year of AMI/stent. In the adjusted model (Table 3) , using no AMI/stent before TKA as the reference, patients having undergone AMI + stent had the highest risk (hazard ratio [HR], 5.23; 95% confidence interval [CI], 1.81-15.14; p = 0.002), AMI alone without stent had less risk (HR, 4.88; 95% CI, 1.49-16.01; p = 0.009), and stent alone with AMI had the lowest risk (HR, 3.16; 95% CI, 1.29-7.71; p = 0.012). The overall rate of AMI in the study population was 0.77%. The patients with AMI without a stent had the highest percentage of post-TKA AMI (stent: 1.05%; AMI: 1.77%; AMI + stent: 1.66%, no AMI/stent: 0.29, p = 0.001). In all patients, risk of AMI after TKA was not different than reference values (Table 4) after 1 year of the initial AMI or stent (stent: HR, 1.67; 95% CI, 0.71-3.94; p = 0.239; AMI: HR, 1.88; 95% CI, 0.42-8.49; p = 0.412; AMI + stent: HR, 1.91; 95% CI, 0.53-6.89; p = 0.321). However, all patients had a higher risk of AMI after TKA (stent: HR, 4.98; 95% CI, 1.72-14.38; p = 0.003; AMI: HR, 16.11; 95% CI, 1.96-132.22; p = 0.010; AMI + stent: HR, 27.27; 95% CI, 7.52-98.94; p \ 0.001) in the 180 days after the initial event. Among the patients operated on within 180 days of an AMI/stent, patients with AMI + stent placement had the highest risk of post-TKA AMI. Within 1 year of AMI (with or without stent), patients had a high risk of post-TKA AMI (\180 days: HR, 8 The patients who underwent TKA with no history of AMI/stent had a lower risk (adjusted HR, 0.92; 95% CI, 0.86-0.99; p = 0.016) of AMI within 1 year of the surgery than the population with no surgery or AMI/stent in the study period.
Discussion
AMI after TKA is devastating, sometimes with fatal complications. Several studies have reported the risk of post-TKA AMI in patients with a previous episode of AMI. However, previous studies did not compare different situations of AMI such as AMI with a stent, AMI without a stent, and a stent alone. Although risk-stratification tools exist that can anticipate the likelihood of AMI after noncardiac surgical procedures like TKA [6] , such stratification provides guidance for a stent or AMI only and do not suggest the risk in patients with AMI + stent. Such a differentiation of patients would provide additional guidance for surgeons as to when to operate on patients with AMI with and without a stent. Therefore, this study aimed to determine the risk of post-TKA AMI subsequent to a coronary event such as AMI and/or stent. The study has limitations inherent to a large administrative database. This was an observational study so the associations observed may not be causal. In this study, the ICD-9 codes were used, which may lead to underreporting of comorbidities. It is The study suggests that any coronary artery event (stent, AMI, AMI + stent) increases the patient's risk of post-TKA AMI within 1 year of the coronary event. ACC/AHA guidelines also suggest that the risk of post-TKA AMI increases with AMI or a stent [6] . However, this study also finds that patients having AMI + stent have a higher risk of post-TKA AMI compared with patients having only AMI or only a stent. After 6 months of AMI/stent, the risk was still high in the patients with a history of AMI without a stent. Between 6 months and 1 year, patients with AMI + a stent did not show a difference in risk compared with the reference. However, it is difficult to make safety recommendations based on this observation because the CI was very wide. The overall percentage of post-TKA AMI found in this study falls within the range of the percentage from most of the previous studies [7, 8] and was similar to that reported in the Danish study [12] . Some studies have reported post-TKA AMI between 0.1% and 1.8% [8, 11, 13] , which falls out of the range of the majority of studies. Such conflicting results have been suggested to be attributable to differences in the criteria for diagnosing AMI [12] . The majority of the studies have investigated AMI within 90 days of TKA, whereas the Danish study population included cases for 12 months. Although this study also included such cases, there was a higher risk of AMI in the Taiwan population compared with the Danish population (Table 6 ) [12] . Such disparities may arise as a result of differences in patient characteristics and the centers where the surgeries were performed. This study suggests that the risk of post-TKA AMI decreases with the time interval between AMI and TKA; however, it is greatest within 6 months after AMI. The patients with a history of AMI + stent had the highest risk of post-TKA AMI compared with those with only AMI or only a stent within 6 months of AMI. ACC/AHA guidelines also suggest that the risk of AMI decreases with the increase in the time interval between AMI and TKA [6] . In addition, our study shows how that risk would vary if the patient is having a stent alone, AMI with a stent, or AMI without a stent. Stents are expected to provide protection against postoperative AMI in noncardiac surgeries [14] ; however, patients with AMI + a stent had a high risk of post-TKA AMI within 1 year of its placement. Previous studies to evaluate the risk of postoperative catastrophic events in the patients with a stent have reported variable recommendations about timing for surgery [10, 19, 24] . The high risk has been attributed to the discontinuation of antiplatelet drugs before the surgery [10, 19, 24] . This high risk also suggests that the timing of the TKA for some patients with AMI + stent did not comply with the timing (after 6 months) recommended by ACC/AHA for patients after percutaneous coronary intervention. The Danish study also suggests that the percentage of post-TKA AMI decreases with the increase in the interval between AMI and TKA. However, they reported a higher HR than in our study ( Table 6 ). The difference observed between the Taiwan and the Danish populations may be attributed to the differences in the postsurgical time interval and the matched control patients of the two studies. The matched control for the Danish studies comprised patients who underwent surgery other than TKA, whereas our matched control group consisted of patients who underwent TKA and had no history of AMI/stent. This study found a higher risk of AMI after TKA in patients on hemodialysis. This is in accordance with other studies and ACC/AHA guidelines [6] , in which a higher risk of myocardial infarction has been reported in patients on renal failure. A high mortality rate ratio [18] resulting from myocardial infarction within the 3 years of hemodialysis and a high AMI incidence [20] in hemodialysis patients have been reported in previous studies. The higher risk of AMI in hemodialysis patients has been attributed to the increased probability of blood clot formation as a result of coagulation activation, depletion of platelet granules, and endothelial integrity [21] .
The lower risk of AMI in patients who had TKA and no history of AMI compared with the patients with no TKA corroborates with other studies, which compared the life expectancy of patients undergoing THA with the general population [9, 23] . This may be the result of improved mobilization and/decreased pain beneficial to the cardiovascular health status of the patients.
This study found that the risk of post-TKA AMI is highest within 6 months of the previous AMI episode. This risk remains high up to 1 year post-AMI but normalizes thereafter. Stents do not provide protection against post-TKA AMI within 6 months of an AMI and the risk also remains high up to 1 year. Furthermore, hemodialysis patients also have a very high risk of post-TKA AMI. However, the risk of AMI in patients undergoing TKA within 1 year of TKA is lower than the general population. In conclusion, it is recommended that an elective TKA is performed at least 1 year after an episode of AMI/stent placement.
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